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This invention relates to new and useful im-
provements in electric telegraphy, and more par-
ticularly to circuit arrangements of translating
or converting telegraph code signals composed of
a certain number of elements into telegraph
codes composed of a different number of elements.

Systems of this nature are usually employed
at points where telegraph signals are relayed
from a land line into a cable or vice versa.

One of the objects of the present invention is
to vrovide for the transmission of a two-element
code which may be easily read by the average
telegrapher and for simple and efficient circuit
arrangements for translating from a three-
element code into a two-element code, and vice
versa, with or without means for regenerating
impulses that may have become mutilated during
transmission.

In accerdance with the present invention the
translation is accomplished by interposing a
time delay circuit between a relay associated with
the input and a relay associated with the output
end of a telegraph circuit. According to one fea-
ture of the invention, the time delay circuit com-
prises a vacuum tube or a plurality of vacuum
tubes 5o arranged that by suitably adjusting or
varying the potential on the grid electrode of the
tube, the length or spacing of the signals may be
controlled threugh the agency of the output
relay.

According to ancther feature of the invention,
the translation of a three-element code into a
two-element code may be controlled by timing

_ the operation in a predetermined manner of the

55

impulse transmitting relay associated with the
transmifter, depending whether the relay is oper-
ated in accordance with dash or dot signals. The
arrangement is such that the translation can be
effected without any special means being provided
of maintaining transmitting and receiving equip-
ments in synchronism.

According to still another feature of the in-
vention, where it becomes necessary to regenerate

5 mutilated signals and at the same time trans-

late such signals into a different code, €. g., from
a three-element into a two-element code, the
timing device interposed between the input and
output relays of the circuit is controlled by the
usual tuning fork forming part of the regenerat-
ing apparatus.

According to still another feature of the in-
vention, where the signals received are slightly
but not too badly mutilated, the translation can
be effected from one code into another without

(CL 178—10)

the use of a special regenerator and simply by
properly timing the output of the signals.

Still another feature of the invention has to do
with the actuation of a direct writer in accord-
ance with a code and in response to signals re-
ceived in a different code.

These and other features of the invention will
more fully appear from the following detailed de-
scription of a preferred embodiment thereof and
the appended claims. Obviously, the details of
the circuits and apparatus used in conjunction

. therewith may be widely varied without depart-
ing from the spirit of the present invention.

It is to be understood that wherever in the
specification and claims reference is made to
“positive” and “negative” potentials or poles of
a source of current, only relative values are
meant. When, for instance, the grid of a vac-
uum tube is described as negatively charged or
connected with the negative pole, I mean that the
grid is more negative or less positive than another
element, such as the filament related thereto or
co-operating therewith. A slightly negative grid
could as well be connected with the positive pole
t0 make it less positive than the filament.

In the drawings which illustrate diagrammati-
cally a few embodiments of the invention—

Fig. 1 illustrates the two-element cable code
contrasted with the usual three-element code;

Fig. 2 the arrangement at the sending station
for translating the three-element code into the
two-element code;

Fig. 3 the arrangement for translating the two-
element code into the three-element code at the
juncture of a land line with a cable;

Fig. 4 the arrangement for regenerating and
converting three-element cable code signals
where a long cable works into a land line;

Fig. b an arrangement for translating into a
two-element code three-element code signals
which have not been greatly mutilated in their
transmission over a cable; and

Fig. 6 a two- to three-element translator hav-
ing a direct writer output.

Fig. 1 graphically illustrates the usual three-
element cable code contrasted with the two-ele-
ment code of the present invention. The three
elements of the usual cable code are; positive,
negative, and absence of current. If we divide
the time during which a signal is applied into
three units, a dot consists of positive potential
applied for three units of time, a dash of nega-
tive potential applied for three units of time,
and spacing between dots and dashes is indicated
by the absence of current for three unit lengths
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of time. In my two-element code no negative
potentials are applied, the distinction between a
dot and a dash being that the dot is represented
by positive potential applied for one unit of time
and a dash of positive potential applied for two
units of time. Spacing is indicated by the ab-
sence of current for three unit lengths of time.
The two elements of the code consists, therefore,
of marking and spacing,

Each two-element cable code dot, dash or
spacing signal requires the same amount of time
for its transmission. The two-element cable
code dot consists of one unit spacing, one unit
marking and one unit spacing, a total of three
units; a dash of two units marking and one unit
spacing, again a total of three units; and a space
of three units spacing. The three units of time
required for sending each element of this code
cccupy the same pericd as corresponding periods
in the three-element code, i. e., one centerhole in
the usual three-element cable code sending tape.
No signals need be stored at a translator station.
It is obvicus from an inspection of Fig. 1 that
the two-element code when recorded by a direct
writer may be as easily read as the three-element
code. Whenever it becomes necessary to trace a
message at a relaying station, this may be readily
done simply by inspecting the tape on which the
two-element code was received. Two-element
codes heretofore employed could not be read by
the average telegrapher and had to be laboriously
deciphered or first translated into a three-cle-
ment code.

Cne of the characteristics of my two-element
cable code is that the third or last unit of each
code signal is always spacing, whether the signsl
is a dct, a dash or spacing. The ending of the
marking interval on both the dot and dash sig-
nals occurs at the end of the second time unit.
On the letter C, for instance, the interval be-
tween the end of the marking of the dash and
the end of the marking of the dot is exactly
three units of time or one centerhole on the send-
ing tape. A similar interval of time separates the
end of the marking ¢f the dot and the end of
the marking of the next dash. It is this feature
that makes my two-element cable code legible
to the average telegrapher since, owing to the
regularity of the intervals between signals, he
can readily distinguish between discrete signal
units.

The manner in which such two-element cable
code may he transmitted from a tape perforated
in accordance with the usual three-slement cable
code is diagrammatically shown in Fig. 2, illus-
trating only such parts of a standard automatic
transmitier operating at constant speed as are
necessary for an understanding of the present
invention. A transmitting relay | connected
with the positive pole of grounded battery may
have its circuit completed to ground over a con-
tact 2 or a contact 3. The open or closed condi-
tion of these contacts depends on the position
of a dash pecker 4 and s dot pecker 5, respec-
tively, which, as well known, bear against the
pariorated transmitting tape and are permitted
to rise under spring tension if a hole is punched
in the tepe. The length of time during which
the circuit threugh contacts 2 and 3 is closed is
contrclled by cams or interrupters 6§ and 7
mounted cn a commeon shaft 8 which is con-
stantly rotated by the automatic transmitter at
the rate of one revolution for each centerhole.
The conducting portion of cam 6 extends over
two-thirds of its circumference, and that of cam
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T over one-third of its circumference. A wiper 9§
connected with contact 2 bears against cam ¢ and
a wiper {0 connected with contact 3 bears against
cam 1. The cams are conductively connected
with shaft 8 and the latter is grounded.

It will be seen, therefore, that during one-
third of the revolution of cams 6 and 7 the cir-
cuit branches to both contacts 2 and 3 will he
open and the relay | will be de-energized. It is
during this time that the peckers 4 and 5 assume
their new positions as determined by the holes in
the perforated tape. In case the dot pecker 5
is permitted to rise, it will close contact 3 and,
under the control of cam 1, during the interval
between two centerholes on the sending tape,
the circuit of the transmitting relay i will remain
open for two-thirds of a revolution of shaft 8
and cam 1 and closed for one-third of a revolu-
tion. In case the dash pecker 4 is selected, the
circuit of the transmitting relay { will be open
for only one-third of a revolution and closed for
two-thirds of a revolution. In case a spacing
signal is to be transmitted, then neither pecker
will be operated and the transmitting relay |
will remain deenergized for a complete revolu-
tion of cams 6 and 1. It will be seen, therefore,
that through its armature and front or marking
contact transmitting relay | will connect the
positive pole of grounded hattery to a telegraph
line I{ in accordance with the two-element code
shown in Fig. 1, although the transmitter con-
trolling the relay is operated from a taps per-
forated in accordance with the usual three-ele-
ment cahle code.

Wherever it becomes necessary to re-translate
the two-element code transmitted over line it
into the usual three-element cable code, the ar-
rangement illustrated in Fig. 3 is provided. The
telegraph line [ is connected with one terminal
of the winding of a line relay 12, the other ter-
minal of which is grounded. The arrangement
includes two timing circuits one of which is for
distinguishing betws=en dots and dashes by the
duration of the morking time and the other to
space the dot and dash transmitting relays when
no marking signal has been received for a pre-
determined time interval. The two circuits are
respectively controlled hy means including vac-
uum tubes 13 and 14 having any suitable arrange-
ment of electrodes. KEach tube with its asso-
ciated plate current relay 15 and {6, respectively,
and grid condensers {1 and (8 shunted, respec-
tively, by variable resistances 19 and 29, acts as
an easily adjusted and reliable slow-to-operate
and quick-to-release relay. The two terminals
of filament 21 of tube {3 are connected with the
two terminals of ungrounded battery 25 over
equal resistances 22 in the two legs of the cir-
cuit. Filament 23 of tube 14 is similarly con-
nected over resistances 24. The potential of the
filament is, therefore, approximately midway be-
tween the positive and negative terminals of the
main power battery indicated at 25. .

During the spacing of transmitting relay 1!,
Fig. 1, the line relay 12 is de-energized and con-
nects the negative pole of battery 25 -over its
armature and back or spacing contact to one
end of the winding of a control relay 28, the
other end of which is connected over a resistance
27 to the positive pole of battery 25. The control
relay 26 becomes energized and connects the
negative pole of the battery throuch its frent
centact and armature and a resistance 28, to grid
29 of tube 13 and to one plate of the condenser
{1; the other plate is connected to the positive
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pole of the battery. The condenser will, there-
fore, receive a negative charge on the grid side
and the grid 29 becomes very negative with re-
spect to the cathode 21.

When a marking signal is received, that is to
say, when transmitting relay | is energized, the
line relay {2 is also energized and breaks in its
hack contact the circuit of control relay 26 which,
in its armature and front contact, opens the
above described connecticn to the negative pole
of the battery. The negative charge will slowly
leak off condenser 7 fhrough resistance 19 and
the potential of grid 29 becomes less and less
negative. At a definite time after the receipt of
the marking signal determined by the adjustment
of the variable resistance 18, the grid 29 of the
tube will become sufficiently positive with respect
to the cathode 21 to permit the flow of space cur-
rent from the cathode to anode 38 of the tube.
The left-hand winding of relay 15 being con-
nected with the anode 38 and with the positive
pole of battery 25, relay 15 will now become en-
ergized. The shunt resistance {9 of condenser
17 is so adjusted that the plate relay {5 will not
be operated when a dot is received, and will be
operated when a dash is received. In other
words, the armature of line relay 12 must be
attracted and that of control relay 26 released
for more than one unit of time (in practice, one
and one-half units to time) before the negative
charge from grid 29 leaks off sufficiently to per-
mit the operation of plate relay 15. The ener-
gization of relay 15 will indicate, therefore, that
a dash was received. '

If a dot was received and the relay 15 did not
become energized, then upon the subsequent de-
energization of line relay 12, a circuit is closed
from the negative pole of the battery over the
armature and back contact of relay 12 and then
on one hand through relay 26 to the positive pole
to re-energize the control relay 28, and on the
other hand through a resistance 31, the armature
and back contact of relay 15, the middle wind-
ings of dot transmitting relay 32 and dash trans-
mitting relay 33 in series, conductor 34, the back
contact and armature of relay (86, to the positive
nole of battery 25. The dot and dash transmit-
ting relays 22 and 33 are the usual polarized
velays employed for the purpose of transmitting
siegnals into cables. The current flows through
the circuit just traced in such directicn as to
mark or energize the dot transmitting relay 32
and space cr leave deenergized the dash trans-
mitting relay 33. Relay 32 will, therefore, move
its armature 35 from the spacing to the marking
contact, and relay 23 will leave its armature 36
on the spacing contact. A circuit will, therefore,
he completed from ground over armature 35 and
the assocciated marking contact, battery 37,
armature 36 and the associated spacing contact
and into a cable 38. In other words, positive
current will be applied to the cable which, in the
three-element code, indicates a dot.

Had the signal received in the two-element
code over telegraph line 11 been a dash, the relay
18 would have been energized, whereby upon the
de-energization of the line relay 2, a circuit
would be closed from the negative pole of battery
over the armature and back contact of relay 12,
resistance 31, the. armature, front contact and
right-hand winding of plate relay (5, the upper
windings of relays 32 and 33 in series, conductor
34, back contact and armature of relay (6 to the
pozitive pole of the battery. Current flowing
through this circuit will hold relay 15 energized,

3

will mark the dash transmitting relay 33 and
space the dot transmitting relay 32. The cable
38 will, therefore, be connected over the arma-
ture and marking contact of dash relay 33, the
negative pole of battery 37, through the battery
and then the spacing contact and armature 35 of
the relay 32 to ground. As will be noted from
Rig, 1, negative current applied to the cable indi-
cates a dash.

Every time the line relay 2 restores to spacing
a cable code dot or dash is transmitted, depend-
ing on the energized or de-energized condition
of line relay 15. At the same time the control

‘relay 26 is also operated and negabively charges

condenser 17 and the grid 29 of tube {3. In case
a dash is received by relay 12, then whether or
not the flow of space current in tube 13 is stopped
upon the re-energization of control relay 26, the
relay 19 will remain energized over its holding
winding until its holding circuif is broken in the
spacing contact of line relay 12.

The purpose of vacuum tube 14 and associated
circuits is to restore the dot and dash trans-
mitters 32 and 33 to their spacing position, so as
to send a spacing signal into the cable 38 when
no two-element marking signals are received for
a predetermined length of time. Whenever the
relay (2 is energized the negative pole of the bat-
tery is connected over the armature and mark-
ing contact of this relay, a resistance 88 and
thence to condenser {8 and grid 48 of vacuum
tube 14. This will negatively charge condenser
{8 and grid 48, preventing the flow of current to
plate 41 of tube 14 and the winding of spacing
relay 8. The spacing relay can, therefore, not
become energized. While the line relay 12 is de-
energized, the charge will slowly leak off over
variable resistance 20 and the grid 40 becomes
less and less negative. The variable resistance
28 is so adjusted that the negative charge can
leak off through it sufficiently to permit the
operation of relay {6 only if the relay {2 remains
de-energized for three units of time of the two-
element cable code, that is to say, while a spacing
signal is transmitted. When this happens relay
18 attracts its armature, breaks the connection
of conductor 84 to the positive pole of the bat-
tery, and connects the positive pole over its front
contact, conductor 42 and the bottom windings of
relays 82 and 33, and a resistance 43, to the
negative pole of the battery. Energization of
these two windings will move both armatures 38
and 38 onto their spacing contacts, connecting
ground with cable 38 which, in the cable code,
indicates spacing.

When the three-element code is transmitted
over a relatively long cable, it is cften necessary
to regenerate or reform the signals which have
been attenuated. Fig. 4 shows a circuit arrange-
ment for converting such regenerated three-
element code messages into a two-element code.
Since cable code regenerators are well khown
their details are not illustrated except for the
usual regenerator tuning fork 59 and the output
terminals 51 and 52’ of the regenerator. A neu-
tral dot relay 32 connected to the plus pole of
positive battery 53 over a resistance 84 is con-
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nected with one of the output terminals 5f, and °

a neutral dash relay 55 is connected with the
other terminal 52’ and over a resistance 58 with
the positive pole of hattery 83. The tuning fork
58 is connected with the negative pole of 120 volt
battery 53 and its contact 57 is connected with
the grid circuit of a vacuum tube §8. The con-
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pick-up contact so that the tongues of the dot
and dash relays 82 and 55 will be moved only
while the tuning fork 8@ is closing the contact 51.
Furthermore, this contact is so adjusted that a
reiny 58 connected with plate 60 of the tube 58
is invariably unoperated during every third time
interval. While the fork 50 is marking, negative
potential is applied over resistance 61 to grid 62
cf the tube 58, and over resistance 63 to the con-
denser 84, This will negatively charge the con-
denser and apply a negative potential on grid 62,
whereby no current can flow to plate 60 from
filament 85, the two terminals of which are con-
nected with the two poles of battery 53 over
resistances §3. Therefore, no current, i. e, a
spacing signal, will be applied to a telegraph line
87 connected with the front contact of relay 59.
When the tuning fork 59 leaves contact 57, the
negative charge will remain on the grid con-
denser provided that neither relay 52 nor 55 is
operated. Assuming, for instance, that the dash
input relay EB5 is energized, it will almost in-
stantly discharge the condenser €4 over its arma-
ture and front contact and a low resistance 68 to
the positive pole of the battery. The resulting
plate current in the tube 58 will operate the relay
#9 which will become energized and connect the
positive pole of grounded battery with the line
237, If the dot relay 52 is in an operated position
when the tuning fork §8 leaves its contact 57, it
will discharge condenser 64 over a variable resist-
ance 88, armature and front contact of relay 52
and o relatively low resistance T8 to the positive
pole of the hattery. The resistance 89 is so ad-
justed that the time required for the negative
charge to leak off grid 62 will take one more
unit of time than when the dash relay 55 was
cperated, whereby relay §9 will be energized only
for g length of time necessary for the sending of
2 dot of the two-element code to the line 67.
Where gocd quality three-element cable code
signals are received over a cable the complete
egeneraticn of the impulses is not necessary and
the three-element cable code may be translated
into a two-element code by means of the arrange-
ment shown in Fig. 5. When the arrangement
hown in this figure is used it will translate the
slightly distorted three-element code which,

S
reg
the

%]

when finally re-translated into a two-element
code, will he superior in quality to the three-

ment code received. A dot and a dash polar
relay £8 and 2! respond to the signals received
cver cable terminals 82 and 83. These relays
control by means of their armatures 84 and 85 a
vacuura tube 8% which, with its associated appa-
ratus, controls in turn the conversion of the
three-element into the two-element code. A
relay 87 connected with the plate 88 of tube 88
controls a so-called slave relay 89. A second
num tube 28 with its plate relay 81 and asso-
ciated equipment are provided for the purpose
of reducing the dash length signals received from
inte dot length signals. A tube 92 with its

va

T circult of vacuum tube 86 is so arranged
that by suitably adjusting variable resistances 94
and 5% the desired frequency of operation of relay
87 may be obtained, as well as the desired ratio
of the marking and spacing time controlled by
this relay, These resistances may be adjusted to
any value of from 0-100,000 ohms and are con-
neeted in series to the positive pole of 1106 volt

generator §3. Midway between the two resist-

2,141,237

ances is connected the positive pole over a con-
denser 97. The two resistances in series are con-
nected also over a wire 98 with grid 99 of vacuum
tube 86 through an intervening l-megohm re-
sistance 108, and with one plate of condenser
{01, the other plate of which is connected to the
positive pole over a 2500-ohm resistance 102. A
second grid 1063 of tube 86 and similar second
grids of the two other tubes are connected to the
positive pole over a 5000-ohm resistance 104.
These second grids play no role in the function-
ing of these tubes and are illustrated merely be-
cause three-element tubes are not as easily avail-
able as double-grid tubes.

It will be seen, therefore, that space current
can flow from cathode 105 (heated by a filament
fed from a 26-volt source), to the plate 88 only
when negative potential with which the con-
genser 10! is charged from the tongue of relay 81
has had time to leak off through resistances 94
and 85. When initially adjusting the circuit,
these resistances are set so that the tube 86 will
have a frequency in cycles per minute equal to
tie number cf centerholes per minute of the
received cable code signal, and the relay 81 will
have a one-third marking and a two-third spac-
ing contact ratio.

Relay 89, which is operated over the circuit
extending from the positive pole over resistance
{02 and the spacing contact and armature of
relay 87 to the negative pole, will, of course, mark
for two-thirds and space for one-third of the
time. This is the correct duration of contact
vime for dash cutput in the two-element code.

The plate relay 83 associated with tube 92 con-
trols the stopping of tube 86 from oscillating.
The tube 85 is free to oscillate in the manner
described under the control of resistances 94 and
95 only when relay 93 is de-energized and its
armature is on the spacing contact. While the
armature is on the marking contact, it connects
the positive pole direct over resistance 100 with
grid 89 and with the condenser 181. The change
in the potential of grid 89 is controlled or timed
not only when the grid is negative and apnroach-
ing a positive condition, but also when it is posi-
tive and approaching a negative condition. If
the grid potential were plotted against time, the
resultant graph would have a saw-toothed ap-
pearance and the line going from negative to
positive would have less slope than when going
irom positive to negative.

Assuming that the potential of condenser 01
is very positive with respect to the cathode 105,
the grid 99 is positive and space current is flow-
ing to plate 88. Relay 87 is energized and nega-
tive potential is applied to the upper plate of con-
denser 81 over the armature and marking con-
tact of relay 87, a. 500 ohm resistance 1085, vari-
able resistance 24 and conductor 28. The time
required for the charge will be dependent on the
value of resistance 94,

When grid 99 finally becomes negative with
respect to the cathode 185, the plate current will
stop and the relay 87, becoming de-energized, will
return its tongue to the spacing contact. A cir-
cuit will then immediately be closed from the
negative pole through the tongue and spacing
contact of relay 81, the winding of relay 89
shunted by a 400-ohm resistance and resistance
{62 to the positive pole. The relay 89 becomes
energized and the lower plate of condenser 101,
which was formerly positive, now suddenly be-
comes negative. The upper plate of the con-
denser also becomes very negative as a result of
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the changing of the potential of the lower plate.
The grid 99 of the tube 86 is now very negative
and the charge on condenser 101 leaks off through
variable resistances 94 and 85 to the positive pole.
After a certain length of time, depending on the
combined resistances of 94 and 95, the grid will
become positive with respect to the cathode and
plate current will again flow, causing the re-
energization of relay 81. This relay breaks in
its spacing contact the connection of the lower
plate of condenser {81 to the negative pole which
is now again connected only to the positive pole
through the 2500-chm resistance 102. The upper
plate of the condenser is now very positive as a
result of the change in potential of the lower
plate, and the cycle of operation previously de-
scribed is repeated.

This cyclic operation will continue as long as
relay 93 is on its spacing contact. Resistance 94
is adjusted so that a length of time equal fo one-
third of a centerhole is required for the grid 99
to vary from positive to negative, and the re-
sistance 85 is so adjusted that a length of time
equal to two-thirds of a centerhole is required

for the grid potential to vary from negative to

positive.

In the absence of the condenser 97 the potential
on grid 99 would incline to positive the instant
the armature of relay 87 left the front contact.

. This plate current would be increasing while the

armature was in transit between the contacts
and thus the armature might never reach its
back contact. Condenser 97 insures that the grid
potential will continue in the negative direction
at least until the armature of relay 87 reaches
its back contact. When the armature reaches
the back contact the grid becomes very negative.
The 1-megohr resistance 188 in series with the
grid 88 reduces the grid current to a low value
when the grid is positive.

The distortion suffered by the signals in their
transmission through the cable is corrected by
tube 52 and associated equipment.

In signals received over a long cable, the start
of a cable code dot or dash which directly follows
a spacing signal occurs relatively early as com-
pared with the start of a dot directly following
a dash or a dash directly following a dot. This
is called the “characteristic distortion” of a cable
code and the present circuit arrangement is
arranged to compensate for it.

‘When no dot or dash signals are received the
armatures 84 and 85 of relays 80 and 81 will be
on their spacing contacts, as shown in the draw-
The positive pole is, therefore, connected
ogver a 3000-ohm resistance 107, armatures 85
and 84, and their spacing contacts, and a 1-meg-
ohm resistance 198 to grid 189 of tube 92. Space
current will, therefore, flow continuously from
cathode 110 of the tube to plate 11 and main-
tain relay 93 energized. As above stated, while
this relay §3 is energized, it maintains positive
potential direct on the grid 99 of tube 86 and thus
maintains relay 871 energized, preventing thus
the cyclic operation of the tube. As soon as the
fArgt dot or dash is received, the positive pole
through resistance {087 is disconnected in the con-
tacts of relay 86 or 81. The grid 109 of tube 92
will not immediately become negative, since it will
take some time for the charge to leak off, variable
condenser {12 being connected through a 10,000-
ohm resistance |14 with resistance 108 and grid
t£9. 112 and 114 are shunted by a 40,000-ohm
resistance 113, The greater the capacity of con-

“denser 112, the longer will it take for the charge -

to leak off. When the grid 109 becomes nega-
tive with respect to cathode 110, plate current will
cease and the armature of relay 93 will leave its
marking contact. The tube 86 will now. start
operating in the manner previously described to
vibrate the armatures of relays 87 and 89 at
centerhole speed. In response to each energiza-
tion of relay 89, negative potential is applied
through the armature and front contact of this
relay, conductor 145 and resistance 188, to grid
£88 of tube 92. This will prevent any clipping
of the marks from relay 88 in case the received
signal should be clipped, since the negative
charge on grid 189 prevents the untimely ener-
gization of relay 93.

The amount of capacity in the variable con-
denser {2 should be just sufficient to lag the
starting of the tube 86 by an interval of time
equal to the characteristic distortion of the re-
ceived signal. During the slight break in the
cross-over of the received signal, both dot and
dash relays 80 and 81 will be resting their arma-
tures on the spacing contacts for a moment.
This cross-over will normally occur while the re-
lay 89 is marking, whereby the grid 109 of tube 92
will be maintained at a negative potential over
conductor {15. There will be, therefore, no
tendency to check the oscillations of tube 86
during the signal cross-over. The arrival of a
letter or word space will normally occur when
the relay 89 is leaving its marking contact. The
grid of 92 will quickly become positive and the
oscillations will be checked.

The signals as repeated by relay 89 will, there-
fore, be of the proper length for the two-element
dashes. Tube 80 and its associated relay 9f and
circuits reduce the dash length signals repeated
by relay 88 into dot length signals for transmis-
sion over g land telegraph line (16, The relay 91
may be energized by space current flowing from
cathode §1{7 of tube 80 to plate 118 of the tube
while grid ({9 is positive with respect to the
cathode. The grid is connected over a 1-megohm
resistance 120 with a junction point {21 with
which are connected:

(1) the positive pole in parallel over condenser
{22 and over a 10,000-ohm resistance 123 and a
resistance 124 which may be varied from 0 to
100,000 ohms;

(2) negative pole over the armature and back
contact of relay 89 and a 500-ohm resistance 125;
and

(3) the positive pole over the 3000-ohm resist-
ance 107, the armature and marking contact of
dash relay 81 and a conductor 128.

The resistance 124 is adjusted to delay the two-
element dot by one-third of a centerhole. If
the received cable signal is a dash, then no delay
is required. When the dash relay is operated
it will apply positive potential over conductor {26
to grid 148 and cause immediately the energi-
zation of relay 94, since as long as dash relay 81
is marking, the variable resistance {24 is shunted
by the comparatively low resistance {87.

While a double-throw switch 129 is in its nor-
mal or upper position, the positive pole of ground-
ed battery 127 or the negative pole of grounded
battery 127a will be applied to the telegraph line
{16, depending whether the marking or spacing
contact of relay 94 is closed. In this case it is
assumed that the land line is equipped with a
polar line relay (see e. g., Fig. 6), and that the
two-element code consists of positive impulses of
one and two time unit duration to send dot and
dash signals and of negative impulses to send
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spacing signals. If the land line 116 were
equipped as shown in Fig. 3 in connection with
line t{, the hattery 127a would be eliminated and
ground connected with the spacing contact of
relay 81.

The translator is adjusted in the following man-
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First the output of relay 9i is connected by
throwing switch 129 into the lower or testing po-
sition so that the percentage of marking of this
relay is directly indicated on a milliammeter 128
and, at the same time, the marks are recorded
on one pen of a double pen direct writer con-
nected through a jack 130. The other pen of
the direct writer should record the received cable
signals.

The tongue 85 of the dash relay 81 is held to
the marking contact and the beats of the trans-
lator are compared with received signals. The
frequency is so adjusted that the beats on the
tape are of the same frequency as the center-
holes of the received signal. The adjustment for
frequency is made by means of the variable re-
sistances 94 and 95.

Adjustment for percentage marking on 128 is
made by maintaining a suitable ratio between
84 and 95. This adjustment will be correct when
the beats are of the same frequency as the in-
coming signals and 62259% marking is indicated
by meter 128.

The dot relay tongue 84 is now held against
its marking contact and the percentage marking
is observed. The resistance 124 is adjusted so
that the percentage marking be 33%%.

The input of the translator is now connected
to the received cable signals. All capacity is re-
moved from condenser ({2 and the distortion
observed on the direct writer of the two-element
output signals from the translator. The gap be-
tween the first dash and dot of the letter C will
ke slightly greater than between the second dash
and dot. The capacity of condenser {i2 is now
slightly increased until there is no distortion on
the letter C. The translator is now ready for
operation.

Fig. 6 shows an arrangement for translating a
two-element code into a three-element cable code
direct writer record.

The direct writer diagrammatically indicated
at 238 is provided in the plate circuit of a vac-
uum tube 201 and is shunted by a 100-chm resist-
ance 282 so that only a portion of the plate
current passes through the coil of the direct
writer. 1000-ohmn resistances 203 and 204 are
used as a voltage divider or potentiometer to ap-
ply a reduced voltage to plate 205 of tube 201.
The resistances in the plate circuit are so pro-
portioned and arranged that when grid 206 of
the tube is negative with respect to the cathode
257, no plate current will flow and the pen of
the direct writer 288 will not be deflected. This
condition will be maintained when a dot received
on telegraph line 208 is recorded. When the
grid 296 is positive with respect to the cathode,
maximum current will flow in the plate circuit
and the pen of the direct writer will have maxi-
mum deflection. The direct writer is so connected
that this deflection will be in the dash or down-
ward direction of the tape. This condition is
maintained while dashes are being recorded. In
order to record spacing signals, it is necessary for
the direct writer pen to assume a position midway
between the dot line (zero plate current) and
the dash line (maximum plate current). By
maintaining grid 206 of tube 20f at a suitable
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potential with respect to the cathode, the direct
writer pen will assume a position intermediate
the dot and ddsh positions and thus record spac-
ing.

Let us assume that a spacing signal is received
on line 208. Grounded polarized line relay 209
remains de-energized with its tongue 210 against
the spacing contact, closing a circuit from the
negative pole of 110 volts generator 211, the wind-
ings of relays 212 and 213 in series, a 1500-chm
resistance 214 midway between the two gener-
ators 211, Both relays become energized. When
the line relay tongue 210 has remained away
from its marking contact for a sufficient length
of time, grid 215 of a vacuum tube 216 becomes
positive with respect to cathode 217 of this tube.
Space current will, therefore, flow from the cath-
ode to plate 218, energizing relay 219. This relay
will connect the negative pole over a 10,000-ochm
resistance 220 and the center tap of the two gen-
erators 211 in parallel over a zero adjustment po-
tentiometer 221, conductor 222 and a 2.5 meg-
ohm resistance 223 to the grid 206 of tube 201.
The potentiometer 221 is so adjusted that re-
quired grid potential is applied for permitting
the flow of sufficient plate current in tube 201
for the direct pen writer to assume the ahove-
mentioned intermediate position.

Assuming that the next signal is a marking
signal of dot duration, the line relay tongue 210
engages its marking contact and applies negative
potential over a 200-ohm resistance 224 to grid
215 of tube 216 through an intervening 2.5-meg-
ohm resistance 225 and to a condenser 226. The
other plate of the condenser is connected to the
positive pole and the two plates are shunted by
a variable resistance 227 and a fixed 10,000-chm
resistance 228. The condenser 226 will be quickly
charged negatively as well as the grid 215, stop-
ving the flow of plate current in tube 216 and
de-energizing relay 219. The latter will discon-
nect the zero adjustment potentiometer 22{ from
grid 206 of tube 201.
will maintain the intermediate voltage on the
grid 206 as long as required, provided that a
high grid resistance of 2.5 megohms (223) is used.
When the tongue 210 of the line relay 209 leaves
its spacing contact, relays 212 and 213 become
de-energized. When the tongue of relay 213
reaches its spacing contact, a circuit is closed
from the positive pole through a variable resist-
ance 230, a 5000-ohm fixed resistance 23! and
then in parallel over a 200-chm resistance 232, a
condenser 233 to the negative pole, and over the
armature and back contact of relay 213 and a
200-ohm resistance 234 and condenser 235 to the
negative pole. The charges of the two condens-
ers 233 and 235 will mix and their voltages equal-
ize. The capacity of condenser 235 is only a
fraction of that of condenser 233, whereby the
potential of the latter will be only slightly
changed. Condensers 233 and 235 will now slowly
take up a positive charge through the adjust-
able resistance 230. At the end of the marking
period of line relay 208, the tongue 210 is again
returned to the spacing contact and the relays
212 and 213 are re-energized. When relay 213
becomes energized, the condensers 233 and 235
will be separated and condenser 233 will be dis-
charged. The energization of relay 212 will
connect condenser 235 through its marking con-
tact, a 200-chm resistance 236, with condenser
228. Condenser 235 is much larger than con-
denser 229, whereby the potential of 235 will be

A small grid condenser 229.
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lished. Condenser 226 will now be of the same
potential as 285 and grid 206 of tube 20f will
be of a similar potential. '

Tf a dot signal is received, then condenser 229
will not have sufficient charge to render grid 206
positive with respect to the cathode, whereby
no plate current will flow to energize the direct
writer 2008, The latter will record a dot.

if 2 dash signal is received, then the line relay
tongue 218 is held against the marking contact
for o sufficient length of time for condenser 233
to receive a greater charge, whereby condensers
225 and 228 will have appreciably greater po-
tential when relays 212 and 213 are re-energized
upon the subsequent spacing of the line relay.
The potential of 225 will now be sufficient to
render the grid positive with respect to the cath-
ode 201, whereby maximum plate current will
flow and the direct writer will record a dash.
The variable resistance 227 is so adjusted that
if the line relay 210 does not mark for an inter-
val of time equal to one centerhole, then the
geid 215 of tube 216 will become positive with
regpect to the cathode and sufficient plate cur-
rent will flow to operate relay 249. When relay
210 hecomes energized then, depending on the
adjustment of potentiometer 221, it will apply 2
potential on grid 286 of tube 281, which will
cause the recording of a spacing signal on the
direct writer. ]

The correctness of the setting of dot~dash ad-
justment rheostat 2308 will be indicated by the
amplitude of the dashes on the direct writer 200.
Tao Litle resistance will be indicated by dots
of less than normal amplitude. The amount of
resistance required to give an occasional dot of
less than normal amplitude should be noted and
the resistance at which dashes of less than full
amplitude occur should also be noted. The
rheostat 238 should be kept at an intermediate
value.

The space adjustment rheostat 227 is regu-
lated to make the dots or dashes preceding
spaces of the proper length. The zero adjustment
potenticmeter 221 should be regulated to make
the zero line as indicated on the direct writer
come midway between the dot and dash lines.

What is claimed is:

1. The method of electric telegraphy which

- comprises allotting to dot and dash signals pre-

determined periods of time, of the same length
for each kind of signal, sending the dash signal
only during the first and second one-~third por-
tions of a period and sending the dot only during
the second third portion of a period, whereby an
easily iegible two-element code may be trans-
mitted.

2. In a telegraph transmitter for converting a
three-element code into a two-element code, a
source of current, a transmitting relay having a
contact connected with said source, a circuit for
said relay, means responsive to the three-element
code for controlling said circuit, and timing
means for closing said cireuit for two-thirds and
opening it for one-third of a time unit when a
dash signal oceurs in the three-element code,
and for closing the circuit for one-third -and
opening it for two-thirds of said time unit when
o dot signal cccurs in the three-element code.

3. ITn a telegraph transmitter for converting
a three-clement code into a two-element code, a
source of current, a transmitting relay having
an armature connected with the positive pole of
said source, a circuit for said relay having two
branches, a dash pecker actuated contact in the
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first and a dot pecker actuated contact in the
second branch, two interrupters, and means for
rotating said interrupters in unison, one of said
interrupters marking for two-thirds and spacing
for one-third of a revolution the first branch,
and the other marking for one-third and spacing
for two-~thirds of a revolution the second branch
of the relay circuit.

4. Tn a telegraph circuit for translating a code
composed of a certain number of elements into
o code composed of a different number of ele-
ments, a relay associated with the input and a
relay associated with the output eénd of said cir-
cuit, means including a vacuum tube having a
erid electrode for controlling the operation of the
cutput relay in accordance with the operaticn of
the input relay, and means for performing said
translation including a variable grid leak react-

~ance for timing the operation of said vacuum

tube.

5. In a telegraph circuit for translating a code
composed of a plurality of elements into a code
composed of a different number of elements, an
srapulse receiving relay, a timing circuit for dis-
tinguishing between dots and dashes received by
the marking time of said relay, transmitting re-
lay mechanism variably responsive to said timing
circuit, and a second timing circuit to space the
operation of said transmitting relay mechanism
when said receiving relay does not mark for a
predetermined length of time.

6. In a telegraph circuit for translating a
two-clement code into a three-element code, a
neutral relay responsive to all marking and spac-
ing impulses, a timing circuit for distinguishing
dots and dashes by the marking time of said
relay, dot and dash transmitting relays variably
responsive to said timing circuit, and & secondi
timing circuit to space said dot and dash trans-
mitting relays when said neutral relay does not
mark for a predetermined length of time.

7. In combination, a source of current, a neu-
tral telegraph line relay having an armature
connected with the negative pole of said source, a
fArst end a second vacuum tube each having a
cathode, a grid and an anode, a first relay hav-
ing an armature connected with the positive pole
and a2 winding connected between the positive
pole and the anode of the first tube, a second
relay having two windings one of which is con-
nected between the positive pole and the anode
of the second tube, a connection from the posi-
tive pole to the grid of each tube, each including
o, condenser and a variable resistance in parallel,
2 connection from the marking contact of said
ine relay to the grid of the first tube, a control
relay, a connection from the spacing contact of
said line relay in parallel to the winding of the
control relay and the armature of said second
relay, a connection from the negative pole to
the gric of the second tube including the marking
contact of the control relay, polarized det and
dash transmitting relays having windings con-
trolled solely in the marking contact of said first
relay, second windings for said polarized relays
jointly controlled in the spacing contacts of said
first, second and line relays, third windings for
said polarized relays, and a circuit for said third
windings including in series the marking con-
tacts of the line and first relays, and the marking
contact and the second winding of the second
relay.

8. In a telegraph circuit for regenerating cable
code signals composed of a certain number of
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posed of a different number of elements, dot and
dash relays responsive to incoming code signals,
a tuning fork, a time delay circuit jointly con-
trolled by the tuning fork and contacts of said
dot and dash relays, and a code transmitting relay
controlled by said time delay circuit.

9. In a telegraph circuit for regenerating three-
element cable code signals and translating them
into a two-element code, neutral dot and dash
relays responsive to incoming three-element
cable code signals, a tuning fork having a con-
tact closed only while one of said relays is mov-
ing its armature, a time delay circuit including
a vacuum tube having a grid jointly controlled
by the tuning fork contact and the armatures of
said dot and dash relays, and a two-element code
transmitting relay in the output circuit of said
tube.

10. In a telegraph system, a cable code signal
regenerater having a tuning fork and two cutput
terminals, a source of current, a neutral dot relay
connected with one and a neutral dash relay
with the other terminal, a vacuum tube having
a cathode, a grid and an anode, a neutral trans-
mitting relay connected with the anode, g con-
nection between the grid and the positive pole
of said source including a relatively low resist-
ance and a condenser in series, a second connec~
tion between the grid and the positive pole in-
cluding a low resistance and a make contact of
the dash relay in series, a third connection be-
tween the grid and the positive pole including in
series a low resistance, a make contact of the dot
relay and a variable resistance, and a connection
between the grid and the negative pole including
a contact closed by said tuning fork approximate-
ly for one-third of its operating time.

11. In a telegraph circuit for translating a
cable of one type into a code of a different type,
relay mechanism responsive to dot and dash. sig-
nals received, means including a vacuum tube
controlled by said relay mechanism for convert-
ing the code of one type into a code of the dif-
ferent type, means including a second vacuum
tube controlled by the cutput of the first tube for
reducing dash length signals received from the
first tube into dot length signals, and a timing
circuit inciluding a third vacuum tube to com-
pensate for the characteristic distortion in the
received three-element signals.

12. In a telegraph circuit for translating a
three-clement cable code into a two-element
code, dot and dash polar relays responsive to
signals received, means including a vacuum tube
controlled by said relays for converting the
three-element code into a two-element code, a
slave relay controlled by the output of said tube,
means including a second vacuum tube con-
trolled by said relay for reducing dash length
signals received from the first tube into dot
length signals, and a timing eircuit including a
vacuum tube to compensate for the characteristic
distortion in the received three-element signals.

13. In a telegraph circuit for converting a
three-element cable code into a two-element
code, a source of current, means including a vac-
uum tube having a cathode, an anode and a grid,
a grid circuit for said tube connected with a
low capacitance grid leak, a relay in the output
circuit of said tube controlling the two-element
code cutput, means including two variable re-
sistances and in parallel with the resistance, a
device controlled by the three-element signals
received for applying to the grid circuit positive
potential, a relatively high capacitance connect-
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ing the positive pole to a point midway between
the two variable resistances, means controlled by
said relay for applying negative potential to said
grid over one of said variable resistances, and a
connection from the negative pole to said rela-
tively low capacitance controlled by said relay.

14. In a telegraph circuit to compensate for the
distortion suffered by incoming signals, polarized
dot and dash relays responsive to incoming sig-
nals, a vacuum tube having a cathode, a grid and
an anode, a source of current, a grid circuit in-
cluding a high resistance, the spacing contacts
of said relays and a lower resistance in series to
the positive pole, a relay in the anode circuit, im-
pulse sending means operable in accordance with
the incoming signals, means to prevent the op-
eration of said impulse sending means while the
anode relay is energized and for operating it when
the anode relay is de-energized, a marking con-
tact in the impulse sending means for connecting
the negative pole to said high resistance, g leak-
age path from said grid to the negative pole in-
cluding in series a resistance, and a variable
condenser and an intermediate resistance in
parallel with the last mentioned resistance and
condenser, the capacitance of said condenser be-
ing just sufficient to lag the de-energization of
the anode relay by an interval of time equal to
the characteristic distortion of the incoming
signals.

15. In a telegraph system, input relay mecha-
nism, three vacuum tubes each having a cathode,
a grid and an anode, a relay connected with the
anode of each tube, the anode relay of the third
tube controlling the output of the system, a source
of current, a slave relay controlled by the anode
relay of the second tube, a variable capacitance,
means jointly controlled by said capacitance, re-
lay mechanism and slave relay for varying the
potential on the first tube grid, a variable resist-
ance, means jointly controlled by the variable
resistance and the anode relays of the first and
second tubes for varying the potential on the sec-
ond tube grid, another variable resistance, and
means jointly controlled by the last mentioned
resistance, said slave relay and said relay mecha-
nism for varying the potential on the third tube
grid.

16. In a telegraph system, polarized dot and
dash input relays, three vacuum tubes each hav-
ing a cathode, a grid and an anode, a relay con-
nected with the anode of each tube, a source of
current, a connection between the grid of the
first tube and the negative pole including a
resistance and in parallel therewith, a resistance
and a variable condenser, and a second parallel
connection to the positive pole including spacing
contacts of said input relays and a resistance in
series, parallel paths between the grid of the sec-
ond tube and the positive pole, the first inciuding
a condenser and resistance in series, the second
marking contact of the anode relay of the first
tube, the third two variable resistances in series,
and the fourth one of said variable resistances and
a condenser, two paths between the negative
pole and the grid of the second tube, one includ-
ing the marking contact of the anode relay of
the second tube a resistance and said one of said
variable resistances in series, and the other the
spacing contact of said anode relay of the second
tube, a slave relay and the condenser in the first
path to the positive pole, two parallel paths be-
tween the grid of the third tube and the positive
pole, one including in series a make contact of
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parallel path to the grid of the first tube, and the
other a condenser and a variable resistance in
parallel, a path between the negative pole and the
grid of the third tube including a resistance and
the spacing contact of said slave relay, and a path
between the grid of the first tube and the nega-
tive pole including a make contact of said slave
relay.

17. In a telegraph circuit, a source of current, a
line relay responsive to two-element code signals,
a direct writer for recording said signals in a
three-element code, a vacuum tube having a
cathode, a grid and an anode, means controlled
by the incoming dot and dash signals for applying
negative, positive and an intermediate potential
to the grid, and an anode including said direct
writer.

18. In a telegraph circuit, a source of current,
means responsive to input signals in a certain
code, a device in the output of said circuit oper-
able in a different code, a vacuum tube having

_ an anode, a cathode, and a grid, means controlled
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by the input signals for applying negative, posi-
tive and an intermediate potential to said grid,
and an anode circuit including said device.

19. In a telegraph circuit, a source of current, a
line relay responsive to two-element code signals,
a direct writer for recording said signals in a
three-element cede, a vacuum tube having a
cathode, a grid and an anode, means controlled
by the incoming dot and dash signals for varying
from negative to positive the potential on the
grid, means responsive to incoming spacing sig-
nals for maintaining said grid at potential inter-
mediate said negative and positive potentials, an
anode circuit including said direct writer, and
means for so proportioning said anode circuit
that when the grid is negative no current will flow
through the direct writer to deflect it, when the
grid is positive maximum current will flow
through the anode circuit causing maximum de-
fection of the direct writer, and when the grid
is at the intermediate potential enough current
flows in the anode circuit to deflect the direct
writer into a position intermediate zero and maxi-
muumn deflection.

20. In a telegraph system, a grounded polar line
relay, a source of current, two vacuum tubes each
having a cathode, a grid and an anode, a relay
connected with the anode of the first tube, a
direct writer connected with the anode of the sec-
ond tube, two neutral relays in series with the
spacing contact of said line relay, a very high
resistance connected with the grid of each tube,
two parallel branches from the very high resist-
ance of the first tube grid to the positive pole, one
including = bhigh capacitance and the other a
variable resistence, a path from the very high
resistance of the first tube grid to the negative
pole including the marking contact of the line
relay and & very low resistance in series, parallel
paths from the very high resistance of the second
tube grid over a very low capacitance to the nega-
tive pole, to the armature of the first tube anode
relay, and over a very low resistance to the mark-
ing contact of the first neutral relay, a poten-
tiometer connected over a very high resistance
between the negative pole and the marking con-
tact of the first tube anode relay, a path from
the armature of the first neutral relay over a very
low resistance and a low capacitance to the nega-
tive pole and another path over the spacing con-
tact and armature of the second neutral relay
and then over s very low resistance and a very
high capacitance to the negative pole and in par-
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allel over a high and a variable resistance to the
positive pole, the marking contact of the second
neutral relay being connected .to the negative
pole, and a potentiometer in the anode circuit of
the second tube.

21. The method of electric telegraphy which
comprises allotting to dot, dash and space signals
predetermined periods of time, of the same length
for each kind of signal, sending the dash signal
only during the first and second one-third por-
tions of a period, sending the dot only during the
second one-third portion of a period, and send-
ing the space signal during the entire period,
whereby an easily legible two-element code may
be transmitted.

29. The method of electric telegraphy which
comprises allotting to dot, dash and space signals
predetermined periods of time, of the same length
for each kind of signals, during the sending of
a dot spacing the line for the first one-third of
the period, marking it for the second one-third
and spacing it for the third one-third, during the
sending of a dash signal marking the line during
the first and second one-third of a2 period and
spacing it for the third one-third of the period,
and for the sending of a spacing signal spacing
the line for an entire period.

923. In a telegraph transmitter for converting a
three-element code into a two-element code, a
source of current, a transmitting relay having
an armature connected with said source, a circuit
for said relay having two branches, a contact
operable in accordance with the dash signals of
the three-element code in the first and a contact
operable in accordance with the dot signals of
the three-element code in the second branch, two
interrupters, and means for rotating said inter-
rupters in unison, one of said interrupters mark-
ing for two-thirds and spacing for one-third of a
revolution the first branch, and the other marking
for one-third and spacing for two-thirds of a
revolution the second branch of the relay circuit.

24. A telegraph circuit according to claim 4
and comprising a second vacuum tube having a
variable grid leak reactance and cooperating in
the control of the output relay, and means con-
trolled by the input relay for alternately apply-
ing negative potential to the grids of said tubes.

25. In a telegraph circuit for translating a code
composed of a plurality of elements into a code
composed of a different number of elements, a
relay responsive to impulses received, a timing
circuit including a vacuum tube for distinguishing
between dots and dashes received by the marking
time of said relay, transmitting relay mecha-
nism variably controlled by said vacuum tube,
and a second timing circuit including a second
vacuum tube to space the operation of said trans-
mitting relay mechanism when said relay does
not mark for a predetermined length of time.

26. In combination, a source of current, a tele-
graph line relay, a first and a second vacuum tube
each having a cathode, a grid and an anode, a
first relay connected with the anode of the first
tube, a second relay connected with the anode of
the second tube, a grid leak condenser for each
tube, a variable resistance in parallel with each
grid leak condenser, means controlled by said line
relay for applying negative pofential to the grids
of said tubes, dot and dash transmitting relay
mechanism, a circuit for said relay mechanism
controlled by said first relay, a circuit for said
relay mechanism jointly controlled by said first,
second and line relays, and a third circuit for said
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relay mechanism jointly controlled by the line,
first and second relays.

27. In combination, a source of current, a
neutral telegraph line relay, a first and a second
vacuum tube each having a cathede, a grid and
an anode, a first relay connected with the anode
of the first tube, a second relay having two wind-
ings one of which is connected with the anode of
the second tube, a connection from the positive
pole to the grid of each tube, each including a
capacitance and a variable resistance in parallel,
means operakle upon the marking of said line
relay for applying negative potential to the grid
of the first tube, a control relay controlled in
the spacing contact of said line relay, a connec-
tion from the negative pole to the grid of the
second tube including the marking contact of the
control relay, polarized dot and dash transmitting
relays having windings controlled in the marking
contact of said first relay, second windings for
said polarized relays jointly controlled in the
spacing contacts of said first, second and line
relays, third windings for said polarized relays,
and a circuit for said third windings including in
series the marking contacts of the line and first
relays, and the marking contact and a holding
winding of the second relay.

28. In a telegraph «circuit for regenerating
three-element cable code signals and translating
them into a two-element code, neutral dot and
dash relays responsive to incoming three-element
cable code signals, a tuning fork having a con-
tact closed only while one of said relays is mov-
ing its armature, a time delay circuit jointly con-
trolled by the tuning fork contact and the srma-
tures of sald dot and dash relays, and a two-
element code transmitting relay in said time delay
circuit.

29. In a telegraph system, a cable code signal
regenerator having a tuning fork and two output
terminals, a source of current, a neutral dot
relay connected with one and a neutral dash
relay with the other terminal, a vacuum tube
having a cathode, a grid and an anode, a neutral
transmitiing relay connected with the anode, a
grid leak path including a condenser for said tube,
a second grid leak path including a low resistance
and a make contact of the dash relay, a third
grid leak path including a low resistance, a make
contact of the dot relay and a variable re-
sistance, and a connection between the grid and
the negative pole including a contact controlled
by said tuning fork.

30. A4 telegraph circuit according to claim 11
and in which two variable resistances are con-
nected in series with the grid of the first vacuum
tube controlling the frequency of operation of
the tube in accordance with the frequency of the
code signals received, and g relay in the output of
the first tube having a one-third marking and
two-third spacing contact ratio.

31. A telegraph circuit according to claim 11
and a relay controlled by the output of the first
tube and having a two-thirds marking and one-
third spacing contact ratio.

32. A telegraph circuit according to claim 11
and in which g relay is operated by the output
of said third tube, and means controlled hy the
last mentioned relay for stopping the operation
of said first tube.

33. A telegraph circuit according to claim 11,
means for alternately applying positive and nega-
tive potentials to the grid of the first tube, means
including a variable resistance for timing the
change of potential on said grid from negative to
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positive to take place at a certain rate, and means
including the output circuit of the first tube and
one of said variable resistances for timing the
change of potential from positive to negative at
a faster rate.

34. A telegraph circuit according to claim 11,
means for alternately applying positive and nega-
tive potentials to the grid of the first tube, and
means including variable resistances for varying
the potential on said grid twice as fast from
positive to negative as form negative to positive.

35. A telegraph circuit according to claim 12
and in which two variable resistances are con-
nected in series with the grid of the first vacuum
tube controlling the frequency of operation of
the tube in accordance with the frequency of the
three-element code signals received, a relay in
the output of the first tube having a one-third
marking and two-thirds spacing contact ratio
and controlling said slave relay.

36. A telegraph circuit according to claim 12,
means including the second tube and variable

resistances for alternately applying positive and’

negative potentials to the grid of the first tube,
means including said variable resistances for tim-
ing the change of potential on said grid from
negative to positive to take place at a certain
rate, and means including the ouput circuit of
the first tube and one of said variable resistances
for timing the change of potential from positive
to negative at a faster rate.

37. A telegraph circuit according to claim 12,
means including the second tube and variable
resistances for alternately applying positive and
negative potentials to the grid of the first tube,
means including said variable resistances for tim-
ing the change of potential on said grid from
negative to positive to take place at a certain
rate, means including the output circuit of the
first tube and one of said variable resistances for
timing the change of potential from positive to
negative at a faster rate, and means controlled
by said slave relay and said dot and dash relays
for variably applying positive and negative poten-
tials to the grid of said third tube.

38. In a telegraph circuit for converting a
three-element cable code into a two-element
code, a source of current, means including a vac-
uum tube having a cathode, an anode and a grid,
a grid circuit for said tube including a high re-
sistance and controlled by the three-element sig-
nals received, a relay in the output circuit of said
tube controlling the two-element code output,
two branch paths for said grid circuit to the posi-
tive pole of said source, one including two vari-
able resistances in series, and the other a rela-
tively low capacitance, a path from the positive
pole through a relatively high capacitance to a
point in said one of said branch paths midway
between the two variable resistances, a connec-
tion from said point to the negative pole includ-
ing a low resistance and the marking contact and
armature of said relay, and a connection from
the negative pole to said relatively low capaci-
tance including the armature and spacing con-
tact of said relay.

39. In a telegraph circuit to compensate for
the distortion suffered by incoming signals, re-
lay mechanism responsive to incoming signals, a
vacuum tube having a cathode, a grid and an
anode, a source of current, a relay in the anode
circuit, impulse sending means operable in ac-
cordance with the incoming signals and con-
trolled by said relay, means controlled by the im-
puise sending means and said relay mechanism
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for varying the potential on said grid, and a leak-
age path for said grid to lag the deenergization
of the anode relay by an interval of time equal to
the characteristic distortion of the incoming sig-
nals.

40. In a telegraph circuit to compensate for
the distortion suffered by incomng signals, relay
mechansm responsive to incoming signals, a vac-
uum tube having a cathode, a grid and an anode,
a source of current, means including said relay
mechanism for applying positive potential to the
grid, a relay in the anode circuit, impulse send-
ing means operable in accordance with the in-
coming signals and confrolled by the ancde re-
lay, a marking contact in the impulse sending
means for applying negative potential to said
grid, a leakage path from said grid to the nega-
tive pole including a capacitance just sufficient
to lag the operation of the anode relay by an
interval of time equal to the characteristic dis-
tortion of the incoming signals.

41, A telegraph circuit according to clam 17,
and a potentiometer in the anode circuit.

42. A telegraph circuit according to claim 17,
and a potentiometer controlling the circuit of
said grid.

43. A telegraph circuit according to claim 18,
and a potentiometer in the output circuit.

44. A telegraph circuit according to claim 18,
and a potentiometer in the circuit of said grid.

45, A telegraph circuit according to claim 18,
a low capacitance grid leak condenser, a high ca-
pacitance condenser, and means controlled by the
input signals for interconnecting said condensers.

46. In a telegraph circuif, a source of current,
a polar line relay responsive to two-element code
signals, a direct writer for recording said signals
in a three-element code, a vacuum tube having a
cathode, a grid and an anode, means including
said relay and controlled by the incoming dot
and dash signals for applying negative and posi-
tive potentials to the grid, means including said
relay and responsive to incoming spacing signals
for maintaining said grid at potential interme-
diate said negative and positive potentials, and
an anode circuit including a resistance, a poten-
tiometer and said direct writer, said anode circuit

eing so proportioned and adjusted that when
the grid is negative no current will flow through
the direct writer to deflect it, when the grid is
positive maximum current will flow through the
anode circuit causing maximum deflection of the
direct writer, and when the grid is at the inter-
mediate potential enough current flows in the
anode circuit to deflect the direct writer into 2
position intermediate zero and maximum deflec-
tion.

47. In a telegraph system, a line relay, a source
of current, two vacuum tubes each having a
cathode, a grid and an anode, a relay connected
with the anode of the first tube, a direct writer
and a potentiometer connected with the anode
of the second tube, two neutral relays in series
with the spacing contact of said line relay, a
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very high resistance connected with the grid of
each tube, two parallel branches from the very
high resistance of the first tube grid to the posi-
tive pole including, respectively, a capacitance
and a variable resistance, a path from the very
high resistance of the first tube grid to the nega-
tive pole including the marking contact of the
line relay, a path from the very high resistance of
the second tube grid over a very low capacitance
to the negative pole, another path from the last
mentioned resistance to the negative pole con-
trolled by the first tube anode relay and another
potentiometer, a third path from the last men-
tioned resistance to the negative pole including a
low capacitance and controlled by the first neu-
tral relay, means controlled by the second neu-
tral relay for connecting the last mentioned path
over g very high capacitance to the negative pole,
and a variable resistance connected with the
positive pole and in parallel with the last men-
tioned very high capacitance.

48. A telegraph system comprising means for
sending a dash signal only during the first and
second. one-third portions of a period and means
for sending a dot signal only during the second
ohe-third portion of a period.

49, A telegraph system comprising means for
translating standard three element code signals
into two element code signals in which the dot
and dash signals each are allotted equal perods
of time, means for transmitting said two ele-
ment code sighals, and translating means opera-
tive in response to said transmitted two element
code signals for retranslating said two element
ccde into a three element code.

50. A telegraph system comprising means for
sending a dash signal only during the first and
second one-third portions of a period, means for
sending a dot signal only during the second one-
third portion of an equal period, and means re-
sponsive to said dash and dot signals for trans-
lating said signals info code elements compris-
ing positive and negative impuilses, of equal time
duration,

51. A telegraph system for converting a three
element code into a two element code, and recon-
verting said two element code into a three ele-
ment ccde comprising a source of current, a
transmitting relay having a contact connected
with said source, a circuit responsive to the three
element code for controlling said circuit, timing
means for closing said circuit for two-thirds and
opening it for one-third of a time unit when a
dash signal occurs, and for clesing said circuit
for one-third and openng it for two-thirds of
said time unit when a dot signal occurs in said
three element code to transmit a two element
code, an impulse receiving relay in said circuit,
a timing means for distinguishing between dot
and dash signals of said two element code by the
marking time of said receiving relay, and a trans-
mitting relay means variably responsive to said
timing ecircuit.

ALDER F. CONNERY.
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